Abstract This study explored (1) the incidence of posttraumatic stress disorder (PTSD) resulting from past trauma among older patients with COPD and (2) whether PTSD and COPD severity would relate to psychiatric co-morbidity and health-related quality of life. Eighty-five older patients completed the Hospital Anxiety and Depression Scale, the Chronic Respiratory Questionnaire, the Posttraumatic Stress Diagnostic Scale and the Medical Outcomes Short Form 12. The results showed that 55, 39 and 6 % had no, partial and full-PTSD respectively. Partial least squares showed that PTSD was significantly correlated with COPD severity which in turn was significantly correlated with healthrelated quality of life and psychiatric co-morbidity. Mediational analysis showed that the emotional symptoms of COPD mediated between PTSD and the mental health functioning of health-related quality of life and between PTSD and depression. To conclude, PTSD from past trauma was related to the severity of COPD for older patients. In particular, it impacted on the elevated emotional arousal of COPD severity. In turn, COPD severity impacted on older patients' general psychological well-being and depression.
Introduction
Posttraumatic stress disorder (PTSD) from past trauma has been associated with poor physical health e.g. [1] [2] [3] [4] and medical conditions [5, 6] among older people [2, [7] [8] [9] . Chronic obstructive pulmonary disease (COPD) is one of these medical conditions. One study showed that 8 % of COPD patients met the criteria for PTSD [10] . COPD is a progressive and debilitating condition that causes dyspnea, cough and disability. Patients may also experience acute exacerbations which can cause life-threatening breathlessness [11] .
People with this illness also report psychiatric symptoms [12] [13] [14] such as anxiety and depression [15] [16] [17] [18] [19] [20] [21] . These symptoms in turn affect their ability to care for themselves [20] and enjoy good quality of life [17, [22] [23] [24] . For example, one study showed that physical functioning, bodily pain, vitality and general health dimensions identified in a quality of life measure (SF-36) were particularly poor among older COPD patients with depression [17] . Older female patients with COPD reported more psychiatric co-morbid symptoms and were less satisfied with life than older male patients [25] .
The aforementioned link between PTSD and COPD is under-researched and therefore further investigation is warranted. Also, no studies have thus far examined the link among older patients with COPD. This study aimed to explore (1) the incidence of older patients with COPD who would meet the diagnostic criteria for PTSD from past trauma and (2) whether PTSD and COPD severity would be associated with health-related quality of life and psychiatric co-morbid symptoms among older patients. Based on the preceding literature, we hypothesized that:
(1) A proportion of older patients with COPD would meet the diagnostic criteria for PTSD from past trauma. (2) PTSD would be associated with COPD severity which in turn would be associated with health-related quality of life and psychiatric co-morbid symptoms. In other words, COPD would mediate a path between PTSD and health-related quality of life and psychiatric co-morbidity (see Fig. 1 ).
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Psychiatric co-morbidity Fig. 1 The hypothesized model depicting the interrelationship between PTSD, COPD, health-related quality of life and psychiatric co-morbidity
Methods Procedure
Patients were recruited from a primary care clinic in the United Kingdom using these inclusion criteria: (1) minimum age of 60, and (2) a clear diagnosis of COPD confirmed by spirometry. The exclusion criteria were: (1) below 60 years old, (2) unclear diagnosis of COPD, (3) current treatment for major physical co-morbidities, (4) a history of psychiatric problems, learning disability, or cognitive impairment. Upon their consent, patients were assessed using the Incremental Shuttle Walking Test which aimed to assess the functional capacity of COPD patients by simulating a cardiopulmonary exercise test using a field walking test. They were also invited to complete the Hospital Anxiety and Depression Scale, the Chronic Respiratory Questionnaire, the Posttraumatic Stress Diagnostic Scale and the Medical Outcomes Short Form-12. Ethical approval for the present study was granted by the South West local research committee.
Measures
The hospital anxiety and depression scale (HADS) [26] is a 14 item questionnaire measuring anxiety and depression. The validity of the questionnaire has been well established (e.g. [27] ). The chronic respiratory questionnaire (CRQ-SR) [28] is a 20 item questionnaire measuring the health status of COPD patients. It yields four subscales: dyspnea, fatigue, emotional function and mastery. For longer stability, all four subscales also had high testretest reliability (ICC 0.83-0.90). The posttraumatic stress diagnostic scale (PDS) [29] was used to reach a diagnosis of PTSD focusing on a previous event that participants found most traumatic. The PDS generates three sub-scales: re-experiencing, avoidance and hyperarousal based on the DSM-IV criteria. Participants were classified into no-PTSD (not meeting the diagnostic criteria), full-PTSD (fully meeting these criteria) or partial-PTSD (significant scores on only 1 or 2 of the symptom subscales, or on all three subscales but without helplessness, terror and impact upon daily function). The reliability of the PDS scale is high (re-experience, Cronbach's a = 0.78; avoidance, a = 0.84; hyperarousal, a = 0.84). The medical outcomes Short Form 12 (SF-12) [30] is a 12-item self-report questionnaire which aims to measure eight domains: physical functioning, role functioning-physical, bodily pain, general health, vitality, social functioning, role functioningemotional and mental health. These domains are then collapsed into two subscales: the physical component summary (PCS) and the mental component summary (MCS). A high score indicates better functioning or health-related quality of life.
Data Analysis Plan
Descriptive statistics, Chi square and multivariate analysis of variance (MANOVA) were used to describe and compare diagnostic groups in terms of demographic variables, smoking status, COPD severity, PTSD symptoms, psychiatric symptoms and health-related quality of life. Partial least squares (PLS) modelling was used to examine the interrelationship between PTSD, COPD, health-related quality of life and psychiatric co-morbidity. PROCESS was used to examine whether COPD would mediate the paths between PTSD and health-related quality of life and psychiatric co-morbidity.
Results
Eighty-five older patients (F = 27, M = 58) who had COPD participated in the study. Twenty-one (25 %) did not experience any previous traumatic life events. The rest (75 %) experienced events including bereavement (20 %), illness in loved ones (11 %), respiratory problems (11 %), accidents/war, (9 %), hospitalization experience (9 %), or childbirth trauma/pregnancy difficulty (3 %). Using the PDS, out of the 64 older patients who experienced past traumas, 35 (55 %) did not meet the diagnostic criteria for PTSD; 25 (39 %) and 4 (6 %) met the criteria for partial and full-PTSD respectively. To compare the differences between diagnostic groups, we combined the partial and full-PTSD groups due to the small sample size of the latter. There were no significant differences between groups in age [F(2,82) = 1. Table 1 ).
To address the interrelationship between PTSD from past trauma, COPD severity, health-related quality of life and psychiatric co-morbidity, partial least squares (PLS) modelling was used [31] . Prior to the PLS analysis, we wished to identify which demographic variables might act as confounding factors that needed to be controlled for. For example, there seemed to be a gender effect on the manifestation of mental health problems among older COPD patients [25] . Correlation coefficients were therefore conducted and showed that in line with the previous study, gender was significantly correlated with anxiety (r = -0.32, p \ 0.01) and depression (r = -0.21, p \ 0.05). Age was also significantly correlated with anxiety (r = -0.25, p \ 0.05). To this end, gender and age were controlled for in the PLS modelling.
PLS modelling has been used in recent PTSD research e.g. [32] [33] [34] [35] . Detailed descriptions on this modelling can be found in the preceding literature. Briefly, in contrast to SEM which requires a large sample size, PLS can be used with modest sample sizes even for relatively complex models. Like SEM models, PLS models incorporate latent variables (constructs) with multiple indicators. PLS generates outer and inner model estimates. Only reliable and valid indicators were used before looking at the linear relationship between constructs (see Table 2 ).
The outer model results of the correlations between constructs, composite reliability, average variance extracted, discriminant validity, communality and redundancy are shown in Table 3 . Most of the values of composite reliability indicated good reliability ([0.70) [36] . The average variance extracted (AVE) for all constructs was 0.50 or above, except SF-12, indicating convergent validity for most of the constructs. There was also satisfactory discriminant validity in that all the square root of AVE values were greater than the correlations between any of the paired constructs in the model.
Inner model estimates refer to the linear relationship between constructs by means of regression coefficients. The inner model results of the path coefficients for relationships between constructs were shown in the final PLS structural model depicted in Fig. 2 . After controlling for demographic variables, PTSD from past trauma was significantly correlated with COPD severity (B = -0.28, SE = 0.08 t = 3.34, p \ 0.01, 95 % CI -1.17, -0.12 f 2 = 0.07, a small effect). COPD was in turn significantly correlated with health-related quality of life (B = 0.57, SE = 0.08, t = 6.43, p \ 0.01, 95 % CI 0.41, 0.14, f 2 = 0.16, a medium effect) and psychiatric co-morbidity (B = -0.56, SE = 0.07, t = 7.41, p \ 0.01, 95 % CI -0.23, -0.10, f 2 = 0.33, close to a large effect). The R 2 values for the endogenous variables of COPD, psychiatric co-morbidity and quality of life were 0.07 (weak), 0.39 (moderate), and 0.42 (moderate) respectively. The average R 2 was 0.17. The GoF index was 0.30, indicating an acceptable fit. The predictive relevance of this model was therefore acceptable. The blindfolding analysis (Omission distance G = 30 blocks) showed that most of the blocks had high values for the communality index and were over and above zero [37] , indicating a high quality of the measurement model for each block [38] . The average communality was 0.52. On the other hand, all the values for the redundancy index which measures the quality of the structural model for each endogenous block were lower, taking into account the measurement model [38] . The average redundancy was 0.11.
PTSD influenced COPD severity which, in turn, influenced health-related quality of life and psychiatric co-morbidity. In other words, COPD mediated the path between PTSD and outcomes. To verify these mediational relationships, PROCESS, a modelling tool for mediation and moderation analysis, was used [39] . PROCESS uses bias-corrected bootstrapping to generate confidence intervals [40] which address the problem of bias resulting from the asymmetric and non-normal sampling distributions of an indirect effect [41] . Point estimates and confidence intervals (95 %) are estimated for the indirect effects. The point estimate is considered to be significant when the confidence interval does not contain zero. These strategies would control for the possible influence of covariates in the model, in this age and gender. Table 3 The results of the correlations between constructs, composite reliability, average variance extracted, discriminant validity, communality and redundancy Correlations Table 4 shows the total, direct and indirect effects of PTSD on health-related quality of life and psychiatric co-morbidity through COPD severity, after controlling for age and gender. Turning first to the physical component (PCS) of health-related quality of life, the total and direct effects of PTSD on PCS were not significantly different from zero. Also, there were no significant indirect effects in that COPD did not mediate the path between PTSD and PCS. In terms of the mental component (MCS) of health-related quality of life, the total and direct effects of PTSD on MCS were not significantly different from zero either. However, a significant negative indirect effect was found in that increased PTSD led to a greater problem with the emotional function of COPD (a low score of COPD) which in turn led to low quality of life in terms of mental health functioning.
Focusing on psychiatric co-morbidity of anxiety, the total effect of PTSD on anxiety through COPD was significantly different from zero. The direct effect was not significant. Although there was an overall significant positive indirect effect, the COPD domains did not mediate the path between PTSD and anxiety. In terms of depression, both the total and direct effects of PTSD on depression were not significantly different from zero. However, a significant positive indirect effect was found in that increased PTSD led to a greater problem with the emotional function of COPD (a low score of COPD) which in turn led to increased depression.
Discussion
This study investigated the incidence of older people with COPD meeting the diagnostic criteria for PTSD resulting from past trauma and examined the relationship between PTSD, COPD severity, psychiatric co-morbidity and health-related quality of life among them. Out of the 85 older patients, 25 % did not report any previous traumatic life events. Of the 64 older patients who reported past traumas, 55 % had no PTSD; 39 and 6 % met the criteria for partial and full-PTSD respectively. After controlling for age and gender, PTSD was significantly correlated with COPD severity which in turn was significantly correlated with health-related quality of life and psychiatric co-morbidity. The emotional function of COPD mediated the path between PTSD and the mental component of health-related quality of life as well as the path between PTSD and depression.
The results confirmed hypothesis one in that out of 64 older COPD patients with previous traumatic experiences, 6 % met the criteria for full-PTSD which was similar to the 8 % found in a cohort of COPD patients with mixed ages [10] . The rate of PTSD in this study was also not too far from the 4.5 % rate of PTSD in a recent epidemiological study on mental health conditions among older adults. These older adults were more likely than those with no-PTSD to have received a diagnosis of medical conditions such as gastritis, angina pectoris and arthritis [42] but not respiratory, lung or pulmonary conditions [43] . To this end, the present finding contributed useful information to existing literature and raised awareness of the fact that COPD is another medical condition that can be included in investigations of the impact of PTSD upon physical health among older people.
The second hypothesis was also supported in that PTSD was associated with COPD severity which in turn was associated with health-related quality of life and psychiatric co- morbidity. These results echo research linking PTSD from past trauma and poor physical and mental health among older people e.g. [1-6, 8, 9] . PTSD played a role in influencing COPD, symptom distress, functional impairment, poor psychological well-being (e.g. depression) [21, 44, 45] and poor quality of life [46] [47] [48] for older patients. The results also support the claim that the vulnerability of older people who experience chronic physical illness can be exacerbated by traumatic life events [49] . Specifically, PTSD influenced the emotional function of COPD which subsequently influenced the psychological outcomes of older patients, i.e. their mental health aspect of quality of life and depression. Notice that the ''mental health'' theme was consistent across the mediational paths suggesting that PTSD symptoms are not discrete psychological reactions but are expressed through other psychological symptoms [50, 51] . To this end, fearful or anxious emotions associated with PTSD could be expressed through the emotional symptoms of COPD, characterized by anxiety, panic or fear of dyspnea, which then affected the mental health aspect of quality of life and depression.
There is limited evidence suggesting that COPD patients tend to express strong emotions such as anger [52] . However, in so doing, their respiratory system becomes affected to the extent that they find it difficult to regulate their system. Consequently, they experience COPD symptoms such as dyspnea. To avoid the occurrence of these symptoms, COPD patients suppress emotions, thereby reducing the likelihood of experiencing breathing difficulty [53] . This echoes a study suggesting that older patients who had myocardial infarction and who met the criteria for full-PTSD also tended to use more suppression than older patients with no-PTSD [54] . This suppression is an attempt to protect oneself from COPD symptoms by minimizing emotional involvement [55] [56] [57] , dissociating themselves emotionally (i.e. not processing emotion) as a defence to prevent the ongoing emotional distress from harming them [58] . Consequently, adverse psychological and physiological effects result which in turn affect quality of life, as suggested in the theory of behavioural inhibition and psychosomatic illness [59, 60] .
However, if the preceding suppression hypothesis is right, increased PTSD should lead to lower emotional symptoms of COPD. The mediational results suggested the opposite. Increased PTSD led to increased emotional symptoms of COPD which in turn affected health outcomes. The reason could be related to patients' ''weak'' inhibitory control system. When a traumatic event presents information which is incompatible with people's existing schemas of the world and themselves, they experience overwhelming emotional distress. To prevent emotional exhaustion, they employ an inhibitory mechanism in order to control or regulate the flow of information [61] . It is possible that due to the weak inhibitory control system of these older patients, PTSD symptoms were not sufficiently suppressed. These distressing emotions, as was mentioned earlier, would then be expressed through the emotional symptoms of COPD which subsequently affect the mental health aspect of quality of life and depression.
In other words, our results suggest that older COPD patients were not able to regulate their emotion well. This contradicted existing literature suggesting that older patients exposed to, for example, life threatening illness (e.g. severe acute respiratory syndrome) reacted to this crisis or chronic illness with less anger and hostility and regulated their emotion much better than younger patients [62] [63] [64] . The present results opened up the possibility that the level of emotional regulation among older patients may vary depending on type of illness.
Increased PTSD leading to increased emotional symptoms of COPD could also be conceptualized in terms of coping. It might be the case that PTSD influenced the coping strategies of COPD older patients in that they engaged in maladaptive emotion-focused coping [65, 66] . For example, they vented their emotion associated COPD without having any planful strategy to change the stressor. Older patients with PTSD have been shown to use emotion-focused coping including focusing on and venting of emotion [54] . However, these are maladaptive coping strategies [67] . By focusing on and venting emotions, patients in fact dwell on their distress (maintaining or possibly increasing it), find it difficult to move beyond it and distract themselves from active coping and thereby impede adjustment and affect health-related quality of life. This is why older people who use escape avoidance coping, a form of emotion-focused coping, tend to be associated with negative outcomes [68] [69] [70] [71] [72] . The Chronic Illness Coping model also advocates a similar idea by claiming that trauma symptoms resulting from multiple adversities can impact on health outcome and this path is mediated via maladaptive or impaired coping strategies. These strategies include avoidance or dissociative coping [73] .
Several limitations in this study are worth mentioning. Firstly, we did not take account of socio-economic variables such as income or educational level. Thus, to what extent the samples can be distinguished based on these variables remains to be seen. Secondly, the study would have been strengthened, should a comparison group such as people who have asthma or a healthy older sample have been used. Such comparison would tell us whether there is a greater incidence of poor health-related quality of life or psychiatric co-morbid symptoms among this group of COPD older patients and whether their psychological reactions were uniquely different from the reactions of, for example, asthma older patients. The final limitation was that it would have been worthwhile measuring the effects of cumulative traumas as well as PTSD. To include the distinction in this study would have given us more information on the effect of past trauma on COPD and other health outcomes.
To conclude, for COPD older patients, PTSD from past trauma is not independent of current COPD severity, health-related quality of life and psychological well-being. It is particularly related to the increased emotional arousal of COPD through which their general psychological functioning and degree of depression can also be affected.
